The kinetics of the periodate oxidation of chromium(III)-complex, [Cr 
Introduction
The Ternary complexes of oxygen-donor ligands and heteroaromatic N-bases such as nitrilotriacetic acid (NTA) and iminodiacetic acid (IDA) with transition metals have attracted much interest, as they can display exceptionally high stability and may be biologically relevant [1] [2] . The use of transition metal complexes of NTA is gaining increasing use in biotechnology, particularly in the Open Journal of Inorganic Chemistry protein purification technique known as immobilized metal-ion chromatography [3] . The chromium(III) complexes of a amino acids are biologically available, depending on the complexing ability of the ligands for chromium against OH − . Chromium can also aid in the transportation of amino acids through the cell membrane [4] . The biological oxidation of chromium from the trivalent to the hexavalent state is an important environmental process because of the high mobility and toxicity of chromium(VI) [5] . Recently, Cr(III) oxidation to Cr (V) and/or Cr(VI) in biological systems came into consideration as a possible reason for the anti-diabetic activities of some Cr(III) complexes, as well as the long-term toxicities of such complexes [6] . The specific interactions of chromium ions with cellular insulin receptors [7] are a consequence of intra-or extracellular oxidations of Cr(III) to Cr(V) and/or Cr(VI) compounds, which act as protein tyrosine phosphatase (PTP) inhibitors. Periodate oxidations have been reported to play an important role in biological processes [8] [9] [10] .
Studies of the kinetics of periodate oxidations on a series of dextran oligomers, polymers and some dimeric carbohydrates [8] revealed a dependence of the kinetic rates on the molecular weight. The oxidation of caffeic acid (3,4-dihydroxy cinnamic acid) by sodium periodate was found to mimic the mechanism of polyphenol oxidase. The antioxidant product 2-s-cysteinyl caffeic acid exhibits slightly improved antiradical activity compared to the parent molecule (caffeic acid) [9] . The imidazol-modified M-salophen/NaIO 4 system can be applied to oxidize a large number of primary aromatic amines in good yield at short times and room temperature [10] .
An inner-sphere mechanism for oxidation of chromium(III) complexes of some amino acids [11] [19] . In all cases, initial cobalt(III) products were formed, and these changed slowly to the final cobalt(III) products. It is proposed that the reaction follows an inner-sphere mechanism, involving a ring closure step that is faster than the oxidation step. The I VI in the initial product is probably substitutional by water at a very slow rate due to the substituted inertness of Co(III) and also the [20] , diethylenetriamine-pentaacetate (DPTA) [21] , trimethylenediaminetetraacetate (TMDTA) [22] and ethyleneglycol,bis(2-aminoethyl)ether,N,N,N0,N0-tetraacetate (EGTA) [22] by periodate gave only the final product. Periodate oxidations of the chromium(III) complexes of NTA [23] , 2-aminopyridine [24] and IDA [25] were studied. In all cases, the electron transfer proceeds through an inner-sphere mechanism via coordination of 4 IO − to chromium(III).
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In this paper, we report on the kinetics and mechanism of the periodate oxi- 
Experimental

Materials and Methods
The ternary complexes of chromium(III) involving nitrilotriacetato and β-alanine was prepared according to the report method [26] . All chemicals used in this study were of analar grade (BDH, Aldrich and Sigma 
Instrumentation
UV-vis spectrophotometer model JASCO UV-530 was used to record the electronic spectra of the investigated complexes. It is noticed that during the course of the reaction the pH of the reaction is constant.
Kinetic Measurements
The UV-Visible absorption spectra of the products of oxidation of the complex 
Results and Discussion
The UV-Visible spectra of the oxidation product of the complex, 
where Cr(III) and I(VII) represent total chromium(III)-complex and periodate, respectively. The concentration ratio of ) at the same pH.  is thus described by Equation (3):
The dependence of the reaction rate on pH was investigated over the 3. Figure 3 . From Figure 3 , it was found that, the slopes are dependent on pH (Table 3) .
Plot of these slopes (k 1 ) versus 1/H + are linear with slope (k 3 ) and an intercept (k 2 ) according to Equation (4). 
and ( ) 
The value of K 1 can be determined potentiometrically and has the value 1.70 × 
From K 4 value,
H IO − is not the predominant species ( 4 IO − will be used to represent 4 6 H IO − ).
The mechanistic pathway for the oxidation of nitrilotriacetatetrisodium salt chromium(III) complex by periodate over the studied pH range may be represented by Equations (11)- (23):
Cr NTA Ala H O IO
Cr NTA Ala OH IO
Cr NTA Ala OIO Products
Cr NTA Ala OIO OH Products
From the above mechanism, the rate of the reaction is given by:
Cr NTA Ala OIO
and
Cr NTA Ala OH OIO Cr NTA Ala OH IO K
Substitution in Equations (17) and (18) in Equation (16) 
Substitution Equation (20) in Equation (19) 
On rearrangement:
Hence,
From a comparison of Equations (6) and (23) The small ΔH* values and large negative activation entropies reasonably could reflect some nonadibatically in the electron transfer process [35] . Both ΔH* and ΔS* then may be expected to systematically increases as the orientation of the oxidant in the precursor complex is alter so as to enhance overlap between donor and acceptor redox orbitals and consequently the probability of adiabatic electron transfer [35] . Figure 4 , and an excellent linear relationship Open Journal of Inorganic Chemistry This consists of a periodate ion coordination to the chromium(III) complexes in step preceding the rate-determining intramolecular electron transfer within the precursor complex. Isokinetic compensation between ΔH * and ΔS * in a series of related reactions usually implies that one interaction between the reactants varies within the series, the remainder of the mechanism being invariant [32] .
The electron transfer reactivities of these complexes with periodate are comparable, as the coordination of periodate with these complexes are identical. All of 
Conclusion
Oxidation of [Cr III (NTA)(Ala)(H 2 O)] − by periodate proceeds via an inner-sphere mechanism. Rate of oxidation increases with increasing pH. These reactions proceed through two-electron transfer process leading to the formation of chromium(VI). A common mechanism for the oxidation of ternary chromium(III) complex by periodate is proposed, and is supported by the excellent isokinetic relationship between ΔH* and ΔS* values for these reactions.
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